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ABSTRACT 

The well-known quasar 3C 48 is the most powerful compact steep-spectrum radio-loud QSO at 
low redshifts. It also has two unusual optical features within the radius of the radio jet (~ 1"): 
(1) an anomalous, high-velocity narrow-line component, having several times as much flux as does 
the narrow-line component coinciding with the broad-line redshift; and (2) a bright continuum peak 
(3C 48A) ~ 1" northeast of the quasar. Both of these optical features have been conjectured to be 
related to the radio jet. Here we explore these suggestions. 

We have obtained Gemini North GMOS integral-field-unit (IFU) spectroscopy of the central region 
around 3C48. We use the unique features of the IFU data to remove unresolved emission at the 
position of the quasar. The resolved emission at the wavelength of the high-velocity component is 
peaked < 0'.'25 north of the quasar, at virtually the same position angle as the base of the radio 
jet. These observations appear to confirm that this high-velocity gas is connected with the radio jet. 
However, most of the emission comes from a region where the jet is still well collimated, rather than 
from the regions where the radio maps indicate strong interaction with an external medium. 

We also present the results of HST STIS spectroscopy of 3C 48A. We show that 3C 48A is dominated 
by stars with a luminosity- weighted age of ~ 1.4 x 10 8 years, substantially older than any reasonable 
estimate for the age of the radio source. Our IFU data indicate a similar age. Thus, 3C 48A almost 
certainly cannot be attributed to jet-induced star formation. The host galaxy of 3C 48 is clearly the 
result of a merger, and 3C 48A seems much more likely to be the distorted nucleus of the merging 
partner, in which star formation was induced during the previous close passage. 
Subject headings: galaxies: high-redshift — galaxies: formation — galaxies: evolution 



1. INTRODUCTION 

3C48 (z — 0.369) is a remarkable quasar quite aside 
from the fact that i t was the first to be iden tified 
(|Matthews et al.lll961l : fMatthews fc Sandagelll963D . As 
seems to be the case with a number of "prototypes," it is 
far from typical. The original identification of 3C 48 de- 
pended in part on the small size of its radio source, and 
3C48 and 3C 277.1 remain the only examples of com- 
pact steep-spectrum (CSS) radio sources among power- 
ful quasars at redshifts < 0.5. The host galaxy of 3C48 
is unusually large and brigh t in compariso n with those of 
other low-redshift quasars (lKristianlll973h . It is now rec- 
ognized that these host g alaxy properties are largely a 
result of a major merger (JStockton fc MacKentvl 119871 ; 
ICanalizo fc Stockton! l20od IScharwachter et all (20041 ) . 
3C48 was the first quasar for which a n extended dis- 
tribution of ionized gas was observed (Wamplc r et alJ 
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Research in Astronomy, Inc., under NASA contract NAS 5-26555. 
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on behalf of the Gemini partnership: the National Science Foun- 
dation (United States), the Particle Physics and Astronomy Re- 
search Council (United Kingdom), the National Research Coun- 
cil (Canada), CONIC YT (Chile), the Australian Research Council 
(Australia), CNPq (Brazil) and CONICET (Argentina). 
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3 Cerro Tololo Inter- American Observatory 

4 Department of Physics and Astronomy and Institute of Geo- 
sics and Planetary Physics, University of California at Riverside 
Department of Physics and Astronomy, University of Alabama 



Il975[ ). and it still is one of the most luminous ex- 
amples of extended em i ssion among low-redshift QSOs 
([Stockton fc MacKentvl 119871 ). It is one of a handful 
of previously identified QSOs to have been shown by 
IRAS also to be ultraluminous IR galaxies. Star for- 
mation is currently underway at a prodigious rate in 
the i nner part of the host galaxy (jCanalizo fc Stockton! 
120001 ) . and there are still massive reserves of molecu- 
lar ga s (IScoville et al.lll993tlwTnk. Guilloteau. fc Wilson! 
1997). All things taken together indicate that we are 
witnessing a brief but important phase in the history of 
a quasar, a time when host-galaxy star formation is near 
its peak, the radio jet is breaking through the dense ma- 
terial in the inner part of the host galaxy, and UV radia- 
tion from the central continuum source has just recently 
b ecome visible al o ng ma ny lines of sight. 

IWampler et alJ (|1975f ) noticed that the [O III] pro- 
file in 3C48 was significantly blueshifted relative to 
the broad H /3 line. Higher-resolution spectroscopy of 
the quasar (IChatzichristou. Vanderriest. fc Jaffel 119991 : 
ICanalizo fc Stocktonl l20001 shows the reason for this ap- 
parent shift: in addition to the usual nuclear narrow-line 
region, there is very luminous exten ded high- velocity gas 
within about 0'/5 of the nucleus. IChatzichr istou et al.l 

(1999) presented evidence from their integral-field-unit 
spectroscopy that the high- velocity gas has been acceler- 
ated by the interaction of the radio jet with the surround- 
ing medium. They discussed the variation of relative 
line ratios, velocities, and line widt hs of the high- velocity 
and sy stemic- velocity components. ICanalizo fc Stockton! 

(2000) found that the high- velocity gas was resolved on a 
slit through the nucleus at position angle —28°, with an 
extent of ~ 075 and a discernible velocity gradient. But 
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neither of these studies had sufficient spatial resolution 
to explore the detailed relation between the radio jet and 
t he high velocity g as. 

iBoroson fc Okel (|1982t I1984T ) long ago showed the 
presence of strong Balmer abso r ption in the 3C48 
host galaxy. ICanalizo fc Stockto n (2000) examined the 
host galaxy of 3C48 in more detail with the Keck 
Low- Resolution Imaging Spectrograph (LRIS; l0ke et al.1 
119951 ) and showed that the spectrum of the stellar pop- 
ulation had a classic "K+A" character. The fact that 
they saw Balmer absorption lines from a relatively young 
stellar population as well as evidence for an older popu- 
lation (e.g., from the Mglfr feature at ~ 5180 A) meant 
that they could do a decomposition of the two compo- 
nents (using stellar synthesis models, such as those of 
iBruzual fc Chariot! 1 19931 l2003f ) and estimate, at least in 
a relative sense, the time that had elapsed since the end 
of the major starburst phase. With sufficient signal-to- 
noise, it is possible to carry out such a decomposition 
at each point in the host galaxy, building up a map 
of starburst ages along lines of sight through the host 
galaxy (strongly weighted towards the time at which 
the most recent majo r episo de of star formation ceased) . 
ICanalizo fc Stockton! 1)20001) were able to determine star- 
burst ages and stellar radial velocities in 32 distinct re- 
gions. 

But one of the most interesting features in the host 
galaxy was too close to the quasar to permit suffi- 
ciently low levels of contamination from quasar light 
to extract the galaxy spectrum. This is the lumi- 
nosity peak 3C 48A ~ 1" northeas t of t he quasar, 
first noticed by IStockton fc Ridgwavi ([1991) and con- 
firmed by_sjfi)Sjjcjuen^ 

tions (|Chatzichristou et ail 119991: iKirhakos et al.l 119991 : 
iBovce et all 119991: ICanalizo fc Stockton! l2000D .One of 
our ground-based images is shown in Fig. [TJi, and HST 
PC im ages obtained from the archiv e are shown in Fig.[TJ) 
and c. IStockton fc Ridgwavi (|1991l ) originally suggested 
that 3C 48A was the secondary nucleus from a merging 
companion; this suggestion was consistent with the pres- 
ence of the tidal tail to the northwest, as well as ev- 
idence that we are seeing the 3C48 host galaxy nea r 
the stage of final merger (|Canalizo fc Stocktonl l200l 
The a ttempt to model the merger bv lScharwachter et al.1 
(2004) shows that there is short period during which 
the two nuclei would have a separation and position 
angle roughly similar to that observed for 3C48 and 
3C 48A. On the other hand, the morphology of the CSS 
radio jet (|Wilkinson et al.lll991f ) and the presence of the 
high velocity emission- line c omponents near the quasar 
(jChatzichristou et al.l fl999l ICanalizo fc Stocktonl 1200(1 
both suggest that there is a strong interaction between 
the radio jet and the ambient gas in the general region of 
3C48A. 3C48A is dominated by continuum radiation; 
i.e., the offset peak is seen on c ontinuum images but 
not on narrow-band [O III] image s ([Stockton fc Ridgwavi 
119911: ICanalizo fc Stocktonl l2000f ). However, there is no 
detailed correspondence between the morphology of the 
jet and that of 3C48A (the jet proceeds nearly north- 
wards rather than northeasterly) , so the optical emission 
from 3C 48A cannot be due to synchrotron radiation. 
It clearly is unlikely to be nebular thermal continuum 
from an interaction of the jet and the gas, because we 
would expect fairly strong emission-line radiation at rea- 




FlG. 1. — a — Our deep line-free-continuum groundbased image 
of 3C 48, after removing the quasar nucleus with the STSDAS pro- 
cedure cplucy. The cross marks the position of the quasar. 3C 48A 
lies about 1" NE of the nucleus (North is up and East to the 
left). All insets show the central region of the corresponding main 
panel at lower contrast, b and c — HST PC images from the HST 
archive. The nucleus has been removed with synthetic Tiny Tim 
PSFs, so there are large residuals in the inner CK'5 radius and in 
the diffraction spikes. The scale of these panels is enlarged by a 
factor of 2 from that of a. The filter bandpasses are indicated, d — 
Enlargement (by another factor of 2) of the inner region of the HST 
PC F555W image, showing the position and width of the STIS slit. 

sonable temperatures. Chatzic hristou et al.l () 19991 ) find 
colors for 3C48A consistent with stars with ages simi- 
lar to the likely age of the radio jet (< 10 7 years). The 
HST images show that 3C48A is curiously distorted; this 
distortion could result either from the shape of an over- 
pressured region resulting from shocks from the radio jet 
or from the tidal stretching of the nucleus of a merging 
companion. 

Here we use Gemini Multi-Object Spectrograph 
(CMOS) integral-field-unit (IFU) spectroscopy to ana- 
lyze more precisely the position and extent of the high- 
velocity emission, and spectroscopy with the Space Tele- 
scope Imaging Spectrograph (STIS) on the Hubble Space 
Telescope (HST) to attempt to determine the nature of 
3C 48A. Our principal goals for the STIS observations are 
(1) to determine whether the continuum radiation asso- 
ciated with 3C 48A is indeed due to stars; if so, (2) to de- 
termine the ages of the stellar populations involved and 
whether there is an age discontinuity; and (3) to mea- 
sure velocities of the stellar component: do these show 
any evidence for distinct kinematical signature, such as 
might be expected if 3C48A is the distorted nucleus of 
a merging companion. We assume a flat cosmology with 
n m = 0.3 and H = 70 km s" 1 Mpc -1 . 

2. OBSERVATIONS AND DATA REDUCTION 

2.1. Gemini North CMOS Integral- Field- Unit 
Spectroscopy 

We obtained two-dimensional spectroscopy of the cen- 
tral region of 3C 48 with the integral-field mode of CMOS 
on the Gemini North Telescope (program ID no. GN- 
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2003B-C-5). We used the half-field mode with the B600 
grating, which gave a held of 3'.' 3 x 4'.'9 and a wavelength 
range of 4318-7194 A. The lenslets have a width of 072, 
and the CCD pixels correspond to C/05. The total expo- 
sure was 9000 s, obtained as 5 1800 s exposures. Observa- 
tions of the spectrophotometric standard star G191B2B 
provided the flux calibration. 

The raw spectral images were processed with the stan- 
dard Gemini IRAF routines to give the flux calibrated 
data cube. The 6256 spatial planes of the data cube have 
dimensions of 66 x 98 pixels (0'.'05 square) and are spaced 
at intervals of 0.46 A. This data cube still suffers from 
the effects of atmospheric dispersion. Since the quasar 
was included within the field of view, we were able to 
determine its centroid for each spatial plane of the data 
cube. We fitted a low-order cubic spline curve to the plot 
of each of the coordinates as a function of wavelength and 
used these to generate correction offsets for each plane 
of the data cube. Applying these corrections generated 
a new data cube for which all of the image planes were 
correctly registered. The field of view for which the full 
range of wavelengths is available is, of course, somewhat 
smaller than the nominal field because of the atmospheric 
dispersion. This corrected data cube was used for anal- 
ysis when we had to deal with a large wavelength range. 
However, for our detailed analysis of the [O III] profile, 
we used the uncorrected data cube, as described in § G2 
in order to avoid unnecessary interpolation. The final 
image resolution at 6800 A (near redshifted [O III]) was 
0"55 (FWHM). 

2.2. HST STIS Spectroscopy 

The STIS spectroscopy was carried out with the G430L 
grating, covering a nominal region from 2900 A to 5700 
A. The slit was centered at a position 0797 east and 0'.'50 
north of the quasar, at a position angle of 44? 74. The 
efficiency decreases quite drastically towards the UV end 
of the spectrum, and the useful spectral range for our 
project was restricted to 3630 A to 5685 A. Because of 
the low surface brightness of 3C 48A, we used the 0'.'5 slit 
and binned by 2 pixels in the dispersion direction, obtain- 
ing a total of 21076 s of integration over 8 orbits. The 
spectra were dithered over 4 positions along the slit. The 
slit position, superposed on the HST PC F555W image, 
is shown in Fig. [T]i. We also obtained 626 s of integra- 
tion on the quasar itself with the same configuration, but 
without binning. 

Each of the 8 individual spectra of 3C48A was first 
given a preliminary cleanin g of cosmic rays with LA- 
COSJM ((van Dokkuml l200i[) . A few additional cosmic 
rays and other blemishes were masked manually. Masks 
from both the automatic and manual cosmic-ray de- 
tection for each frame were combined with dead- and 
hot-pixel masks generated from all of the frames. The 
dithered spectra and the corresponding frame masks were 
then shifted to a common position and coadded, using 
the IRAF task imcombine with ccdclip rejection (in ad- 
dition to rejection of masked pixels). The background, 
including an estimate of the stellar background in the 
3C 48 host galaxy, was removed by subtracting a linear fit 
to regions on either side of 3C 48A. The background level 
amounted to roughly a third of the total extracted flux in 
our spectral aperture, and we estimate that its scaling is 
accurate to ~ 20%. The spectrum of the brightest part 
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Fig. 2. — Spectra extracted from the GMOS IFU datacube, as 
described in the text. The quasar spectrum, shown at the bottom, 
has been scaled by a factor of 0.018 to roughly match the other 
spectra, which are all on the same scale relative to each other. The 
spectra are shifted for clarity, with zero levels being indicated by 
the horizontal lines. The off- nuclear spectra are all centered l'.'l 
from the quasar, at the position angles indicated. No attempt has 
been made to correct for scattered light from the quasar. The two 
slight gaps in each spectrum correspond to the gaps between the 
CCD detectors, and the negative feature in some of the spectra at 
5577 A is due to imperfect subtraction of the strong airglow line 
at that wavelength. 

of 3C48A was extracted, using a region 6 pixels (073) 
wide. Some of the remaining noise spikes were removed 
by fitting a 160-piece cubic spline to the spectrum and 
rejecting points more than 2cr away from the fit. The 
redshift was roughly determined from the [O II] A3727 
doublet, and the spectrum was reduced to the approxi- 
mate rest frame. This redshift was corrected to a final 
value from fits to the stellar absorption-line spectrum. 

3. THE DISTRIBUTION OF EXTENDED EMISSION IN THE 
NUCLEAR REGION 

A full analysis of the emission over the field will be pre- 
sented elsewhere; here, we concentrate only on emission 
very close to the quasar. For extracting spectra from our 
atmospheric-dispersion-corrected GMOS IFU data cube, 
we define 13 apertures: one centered on the quasar, and 
two sets equally spaced on circles around the quasar at 
position angles 0°, 60°, 120°, 180°, 240°, and 300°. The 
inner circle has a radius of 0'.'4, and the outer circle has 
a radius of l'.'l; the inner apertures are labeled AO, A60, 
A120..., and the outer apertures are labeled B0, B60..., 
where the numerical part of the designation indicates the 
position angle of the aperture center from the quasar. All 
of the apertures were Gaussian weighted and were trun- 
cated at the FWHM of the Gaussian profiles, which was 
set to 0'.'4. We show the spectra of the quasar and the 
outer (B) ring of apertures in Fig. O It was not possible 
to correct the off-nuclear spectra in Fig. [2] for scattered 
light from the nucleus because of the uncertain variation 
of the scattered contribution with wavelength. However, 
we can make this correction (with typically about 20% 
accuracy) for the region in the immediate vicinity of H/3 
by subtracting a version of the quasar spectrum scaled 
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to eliminate the broad H/3 line in the residual. We show 
the region of H/3 and [O III] AA4959, 5007 lines after this 
subtraction for our 6 off-nuclear B apertures (centered 
l'.'l from the quasar) in Fig. [3] (left panel), as well as 
the same region for the quasar. In the right panel of 
Fig. [3l we show similarly subtracted spectra for the A 
apertures (centered (f.'A from the quasar). For the aper- 
tures at l'.'l radius (left panel in Fig.[3l the high- velocity 
component shows up most strongly in the BO and B60 
apertures; it is essentially completely absent in the B180, 
B240, and B300 apertures. There is a clear velocity offset 
of the high-velocity component between the BO and B60 
apertures, as well as evidence for more than two velocity 
components in the former. The high velocity emission 
is much stronger in the inner apertures, particularly the 
AO aperture, where the flux has over 10 times the high- 
est value that it has in any of the outer apertures. It is 
absent from the A120, A180, and A240 apertures, but 
present in the A60 and A300 apertures. For this inner 
ring of apertures, the aperture boundaries are adjacent 
to each other, so there will be unavoidable spill-over be- 
cause of the 0'.'55 FWHM seeing disk. 

At first sight, it may appear that is a problem with 
the subtraction procedure because of negative [O III] 
residuals, particularly in the A180 spectrum. Note, how- 
ever, that these negative excursions are only at the wave- 
length of the high- velocity component. The explanation 
is almost certainly that the quasar aperture encompasses 
high-velocity emission slightly extended to the north, 
which is then excess to the scattered nuclear quasar con- 
tribution to apertures on the south side. 

In order to explore the spatial distribution of the high- 
velocity material in more detail, we analyze the image 
planes of the data cube as we step across the [O III] line 
profile. Since we are here concentrating on a very small 
range of wavelengths around the [O III] A5007 emission 
complex, we can use the original data cube, uncorrected 
for atmospheric dispersion, thus avoiding any smearing 
from subpixel interpolation. The maximum shift due to 
dispersion was confirmed to be less than 0.1 pixel (= 
0'.'005) over this wavelength range. The general approach 
is this: we use the continuum on cither side of the [O III] 
A5007 line to precisely define the PSF of the quasar; we 
bin narrow wavelength intervals to form images from the 
data cube as we step across the line profile, and we then 
subtract a scaled PSF from each of these to show the 
distribution of extended emission close to the quasar for 
each part of the line profile. 

In more detail, we used narrow regions of continuum 
(~ 20 A wide) immediately on either side of the emission 
line to define the PSF centroid at the line, but we used 
wider (~ 100 A) continuum regions somewhat farther 
away to obtain better S/N for the PSF profile itself. This 
high S/N PSF was then carefully registered (at the sub- 
pixel level) to the PSF at the emission-line wavelength. 
We used 11 4. 6- A- wide slices to span the double line pro- 
file. For each of these image s, we ran the two-c omponent 
deconvolution task plucy (|Hook et alj Il994). Briefly, 
PLUCY allows separate treatment of point sources (which 
can be removed) and a variable background compo- 
nent, which is deconvolved via the Richardson-Lucy algo- 
rithm, subject to an adjustable entropy constraint. The 
result was that any unresolved nuclear emission (i.e., 



that having a distribution indistinguishable from that of 
the quasar continuum) was removed, and only extended 
emission was retained in the residual images. These im- 
ages are shown in Fig. [4] along with the location in the 
line profile each r epresents. We also show the radio jet 
(|Feng et al.1 12005D at the same scale. What is immedi- 
ately clear is that the high-velocity emission is concen- 
trated to the north of the quasar, precisely in the initial 
direction of the radio jet, and mostly within the region 
where the jet appears relatively unperturbed. There is 
some slight variation in the position and shape of the 
distribution of emission across the high- velocity line pro- 
file, and there is a tail of emission at high velocities to 
the east, but the main emission peak remains closely 
aligned with the radio jet. As the wavelength window 
shifts towards the systemic redshift, the centroid of the 
extended emission moves more to the west, and more low- 
surface-brightness extended emission at greater distances 
becomes visible, including a possible ring of emission at 
about 1" radius from the quasar. Our decomposition of 
the profile indicates that the narrow-line emission com- 
ponent at the systemic velocity is dominated by the high- 
velocity component at all points in the composite profile. 
The contribution of the systemic component is greatest 
(almost 50%) near its peak, but it drops off sharply at 
higher (as well as lower) velocities, because of the much 
broader velocity width of the high-velocity emission. We 
also expect the classical narrow-line region to be more 
closely centered on the nucleus and to be mostly unre- 
solved. Reconstruction of the line profile from the de- 
convolved, PSF-subtracted images tends to bear out this 
expectation, although some residual systemic narrow-line 
emission still remains, perhaps indicating that this region 
is slightly resolved (see also the profile in the AO aper- 
ture in Fig. [3]) . However, the shift in the centroid of the 
emission must still largely be due to a gradient in the 
high- velocity component, rather than any extension of 
the classical narrow-line region. 

From an aperture that includes essentially all of the 
high-velocity emission, our decomposition of the [O III] 
profile gives a value of 491 ± 40 km s _1 for the velocity 
offset between the two systems in the rest frame of the 
quasar. The [O III] fluxes in the two components are 
2.9 x 10~ 13 and 4.1 x 10~ 14 erg s" 1 cm~ 2 , respectively, for 
the high- velocity and systemic velocity components; i.e., 
the high-velocity gas has ~ 7 times the [O III] luminosity 
of that of the classical narrow-line region. 

We have attempted to estimate contributions to the H/3 
profile from these two narrow-line components. We take 
the best-fitting Gaussian decomposition of the [O III] 
profile, shift these to the appropriate positions and 
widths for H/3 at the same redshifts, and scale the two 
components independently to obtain the maximum sub- 
traction consistent with a smooth and fairly symmetric 
core for the H/3 residual. This procedure gives a narrow- 
line H/3/[0 III] ratio of ~ 0.1 for the systemic-velocity 
component and ~ 0.08 for the high-velocity component. 

We have also carried out decompositions of the [O II] 
A3727 doublet and the [Ne V] A3425 line. The [O II] 
case is complicated by the uncertainty in the density- 
dependent doublet line ratio for each of the components, 
but the formal best fit gives a line ratio at or near the 
low-density limit and a total flux ~ 16% of that of [O III] 
A5007 for the high-velocity component and a line ratio 



5 



c 

3 

>> 
u 

to 

'£ 

x> 
u 

CO 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

B300 j\ J 


, , i i i i i i 


























Quasar ^/^^ ^\_J 




1 i i i i 1 i i i i 1 i i i i 1 i i 


, , 1 . . , , 1 



c 

3 

>> 
u 
a 

'£ 

XI 
u 

to 




6500 6600 



6700 6800 
MA) 



6900 7000 



6500 6600 



6700 6800 
MA) 



6900 7000 



Fig. 3. — {left panel) Spectra of the region around the H/3 and [O III] AA4959, 5007 lines for the same apertures as are shown in Fig. [2] 
but, in this case, a scaled quasar spectrum has been subtracted from each of the off-nuclear spectra to remove the scattered quasar light, as 
judged by the broad H/3 emission, (right panel) Similar quasar spectra for apertures at a radius of 0'.'4 from the quasar. The B60 spectrum 
at the bottom, shown at the same scale as the other spectra, indicates the relative scaling for the two panels. 



near unity (indicating an electron density of a few hun- 
dred per cm 3 ) and a total flux ~ 25% of that of [O III] 
A5007 for the component at the systemic velocity. For 
the [Ne V] line, the high-velocity and systemic compo- 
nents have fluxes around 14% and 20% of those of their 
respective [O III] profiles. Our ratios for the two veloc- 
ity systems for H/3/[0 III] and [O H]/[0 HI] are quite 
consis tent with those reported by IChatzichristou et al.1 
(1999). All in all, the ionization parameters of the two 
components seem roughly similar. 

From our estimate of the H/3 flux in the high-velocity 
component, and assuming an electron density and tem- 
perature, the mass of the ionized gas in this component 
is given by 

Mh = u — ' 

where m p is the proton mass, is the luminosity dis- 
tance, an/3 is the effective recombination coefficient for 
H/3, and hv is the energy of an H/3 photon (Osterbrock 
1989). The recombination coefficient is roughly an in- 
verse linear function of temperature over the relevant 
temperature range; by assuming T e — 10 4 K, we are 
unlikely to be in error from this parameter by more than 
a factor of two. 

If we now assume that n e w 100 cm -3 and use the H/3 
flux derived from the H/3/[0 III] ratio found above, we 
obtain M H = 7.4 x 10 8 M©. This is likely a fairly firm 
lower limit to the total mass. Densities much higher than 
100 cm~ 3 would be inconsistent with our fit to the [O II] 
A3727 profile. It remains quite possible, however, that 
most of the mass of the gas could have a density < 10 
cm~ 3 , as it appears to be the case, for exa mple, in the ex- 
tende d emission region around 4C 37.43 (jStockton et al.1 
2002). If this is true for the high- velocity gas associated 
with 3C48 its total mass could be as much as 10 10 Mq. 

Masses in this range can pose interesting constraints on 
acceleration mechanisms. The high-velocity gas is cen- 
tered at a projected distance < 1 kpc from the quasar 
with a differential radial velocity of ~ 500 km s _1 . 



Wil kinson et "all ([1991 argue that the weakness of the 
central radio component in 3C 48 means that the radio 
axis is likely closer to the plane of the sky than to the 
line of sight. In this case, the projected distance will be 
essentially the physical distance, and the radial velocity 
will be a lower limit to the space velocity. Interestingly, 
iGupta. Srianand. fc Saikial (|2005h find C IV A1549 ab- 
sorption at z = 0.3654 in the spectrum of 3C48, which 
corresponds to a radial velocity difference in the quasar 
frame of 780 km s _1 . Thus, it would be reasonable to use 
~ 800 km s^ 1 as a lower limit to the propagation speed of 
the radio plasma through the ambient medium. A plau- 
sible lower limit to the kinetic energy of the high- velocity 
gas is then Ek > 6.4 x 10 57 Mgw| 00 erg, where Mg is the 
mass of the high- velocity gas in units of 10 9 solar masses, 
and vsoo is the bulk average velocity of the gas, relative 
to the quasar, in units of 800 km s -1 . Wilkinso n et al.l 
(1991) estimate the total energy of the radio plasma as 
> 10 58 erg, so the kinetic energy of the gas may account 
for a significant fraction of the original energy of the jet. 
In this case, it is clear that the gas can exert a major in- 
fluenc e on the development o f the jet, as I Wilkinson et all 
(|199lD and lFeng et al.1 (2005) infer from the morphology 
of the jet itself. Nevertheless, it is significant that most 
of the high-velocity gas is closer to the quasar than the 
region where the radio jet appears to be disrupted. 

4. THE SPECTRUM OF 3C 48A 

The final STIS spectrum of the high-surface-brightness 
arc-like structure in 3C 48A is shown in Fig. [5l As had 
been indicated by a comparison of broad-band and [O III] 
HST WFPC imaging, the feature is dominated by con- 
tinuum radiation, although some [O II] A3727 emission 
is present. A prominent H<5 absorption line, seen at the 
long-wavelength end of the spectrum, together with a 
minimum in the continuum near the Balmer limit, sug- 
gests that the continuum is largely due to moderately 
early-type stars. Fits of spectral synthesis models con- 
firm this conclusion. The absorption- line rcdshift, heav- 
ily dependent on H<5, is 0.3693 ± 0.0002. In Fig. [5] (left 
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unetj, we overplot on the spectrum iBruzual fc Chariot! 
solar-metallicity instantaneous-burst models with 



200. 



Fig. 4. — The location of nu clear [O III] exten ded emission in 3C48. The unresolved nuclear emission component has been removed 
from these images using PLUCY (Hook ct al. 1994j) , where the PSF has been determined from the average continuum profile on either side 
of the [O III] line. The black dot marks the position of the quasar. The [O III] line profile is shown to the left of each image, and the 
green bar indicates the wavelength region that has been summed to form the corresponding image. The number in the upper-left corner 
of the images gives the central v elocity shift of the image, in km s" 1 in the quasar frame, from the systemic redshift of 0.36933. The 5 
GHz Merlin radio contours from Feng et al. ( 2005|) are shown superposed on the image near the peak of the high- velocity system in the 
lower-right panel. All images use a common intensity mapping and have North up and East to the left. 

3C 48A as we l l, in s pite of suggestions to the contrary by 
IZuther et all (|2004f) . 

The fact that there is some evidence for a Ca II K line 
stronger than in our models give encouraged us to try 
combinations of an old stellar population with a younger 
one. Such a composite population might be expected to 
allow a younger age for the young population. (Recall, 
however, that the host galaxy background near 3C48A 
has been subtracted off to first order by our reduction 
procedure, so that any significant older population would 
likely have to be from 3C 48 A itself). The general results 
of these experiments are that it is difficult to add any sub- 
stantial fraction (by light) of old stars without unaccept- 
able decreases in both the US strength and the Balmcr 
break amplitude, and, even with a fairly large fraction of 
old stars (20% at rest-frame 4050 A), the younger com- 
ponent still could not be much younger than 10 8 years. 

While the difficulties of attempting to obtain a clean 
spectrum of 3C 48A from ground-based observations are 
formidable because of scattered quasar light (and par- 
ticularly the difficulty of correcting for its wavelength 
variation) as well as contamination from other parts of 



ages ranging from 100 to 200 Myr, which appear to 
bracket the luminosity-weighted average age of the stars 
(we also include a 10-Myr model for reference). The best 
fit, judged by the slope of the continuum shortward of 
the Balmer limit, is about 140 Myr. We have explored 
the possibility of younger stellar ages, combined with 
internal reddening, as a means of trying to fit the ob- 
served spectrum. The fundamental difficulty with this 
approach is the rapid decrease in the amplitude of the 
Balmer-limit break at ages below 100 Myr, as shown in 
the right panel of Fig. [51 Because of the short wave- 
length interval involved (from ~ 3600 A to - 4000 A), 
the break cannot be significantly enhanced by redden- 
ing without doing unacceptable violence to the rest of 
the spectrum, and this conclusion holds for any plausi- 
ble reddening law. It has pre viously been noted (see, 
e.g.. IChatzichristou et allll999l ) that' our particular line 
of sight to 3C 48 must have little or no significant red- 
dening, in spite of the evidence for a major starburst in 
the host galaxy, and this conclusion seems to hold for 
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Fig. 5. — Both panels show the HST STIS spectrum of 3C48A (black trace). The left-hand panel shows a 140-Myr-old Bruzual & 
Chariot (2003) instantaneous-burst spectral synthesis model (red trace), and the green and blue traces show 100-Myr and 200-Myr models, 
respectively. The right-hand panel shows a range of more extreme models with age s from 10-Myr (which wou ld be consistent with an 
estimate of the upper limit to the age of the stellar population in 3C48A obtained by Chatzichristou et al. 1999) to 2 Gyr. Note that the 
Balmer lines and Balmer break constrain the possibility of trying to fit younger populations with substantial reddening to the data. 

Naturally, one must be wary of putting too much trust 
in the details of this residual spectrum because of varia- 
tions among the 5 spectra that have been subtracted from 
it. Nevertheless, it does agree with the general features 
of the STIS spectrum remarkably well, and it reinforces 
the conclusion that the dominant stellar population in 
3C 48A must be old enough to show a substantial Balmer 
break. 

These results are difficult to reconcile with the sug- 
gestion that 3C48A is in some way connected with the 
radio jet. The fact that 3C48A is dominated by stel- 
lar radiation eliminates any possibility that it is due to 
any form of gaseous emission or emission connected with 
relativistic electrons, such as synchrotron radiation or 
Compton upscattering of photons. Dust scattering of 
starlight from elsewhere in the host galaxy is extremely 
unlikely, given that the most luminous source around by 
far is the quasar itself, and no hint of scattered quasar 
radiation is seen in the STIS spectrum. 

A remaining possibility i s jet-induced star formation , 
as has been suggested by IChatzichristou et al.l (| 1999h . 
This now also seems unlikely because of the age of the 
stars. An approximate dynamical time scale for the jet 
can be estimated from its length and the velocity of the 
emission-line gas associated with it: Td yn ~ ^0 6 Dk pc ViQ 00 
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Fig. 6. — Spectra and models of 3C48A. The black trace is 
the spectrum of the 60° aperture, after subtracting the mean of 
the other off-nuclear apertures and scaling to match the HST 
STIS spectrum, which is sho wn in red. The green tra ce is the 
long-wavelength portion of the Bruzual & Chariot ( 2003) 140 Myr 
model, using the same scaling as the same model in the left panel 
of Fig. \5\ 

the host galaxy, we were encouraged by the fact that 
our 60° aperture, which covers 3C 48A, shows a substan- 
tially higher continuum level than the other apertures, 
even in the uncorrected spectra shown in Fig. [2l We 
tried simply subtracting a straight mean of the other 5 
off- nuclear apertures, which are all at the same distance 
from the quasar. If the quasar profile is closely symmet- 
ric, this procedure should remove the scattered quasar 
light reasonably well. It will also, to first order, subtract 
the host-galaxy background, although there is certainly 
no guarantee that this will be very accurate, because of 
variations in the host galaxy surface brightness. The re- 
sult is shown in Fig. [6l 



yr. For D = 5 and v = 0.8 (see § [3j) , T dyn « 6 x 10^ yr 
The apparent stellar age of 3C48A of > 10 8 years is 
thus much older than the likely age of the radio jet. It 
is also much older than the likely dynamical time indi- 
cated by the distance of 3C48A from the jet if it had 
been produced by it. If the arc- like structure were to 
indicate that we are seeing the edge of a "bubble" of star 
formation caused by the jet, the vector from the point 
of origin of the bubble to the arc must likely be close 
to the plane of the sky. Because there is every indica- 
tion that the host galaxy of 3C 48 is quite massive, yet 
the ob served radial velocity rang e of the stars is quite 
small (Canalizo & Stockton 2000), stellar motions must 
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be mostly in the plane of the sky. In this case, trans- 
verse velocities of at least 100 km s _1 must be expected 
for stars in this feature at ~ 5 kpc from the quasar. This 
means that over 10 8 years, we expect space motions of 
> 10 kpc, far larger than the ~ 3 kpc observed projected 
separation betw een the end of the rad i o jet and 3C 48A. 

Furthermore, ICanalizo fc Stockton! (|2000f ) had found 
a general trend of younger average stellar ages as one 
moves inward in the 3C 48 host galaxy, with stellar ages 
in the inner region of < 10 7 years, consistent with a stel- 
lar population dominated by a current starburst. 3C 48A 
therefore shows a clear age discontinuity with the stars in 
the host galaxy just slightly farther out from the center. 

There is suggestive, but not conclusive, evidence for 
a velocity discontinuity as well. The two host-galaxy 
regions with absorpt i on-lin e velocities in the study by 
ICanalizo fc Stockton! (|2000f ) that are closest to 3C 48A, 
C2 and B3 (~ 2" northeast and east, respectively), have 
stellar velocities 173 ±46 and 170 ±54 higher than that of 
3C 48A. Velocity gradients for the stars in central region 
of the 3C 48 host galaxy appear to be quite low, so this 
may be a significant difference. 

All of this makes the possibility that 3C48A is ac- 
tually the distorted nucle us of the merging galaxy 
((Stockton fc Ridgwavlll99ll ) seem much more attractive. 
An age of ~ 10 8 years is not unreasonable for the time 
of the previous close passage prior to final merging. 
It is also similar to the age of star-formation regions 
found in the leading edge of the tidal tail (~ 114 Myr; 
ICanalizo fc Stockton! l2000l ). which might plausibly date 
from the same phase of the encounter. 

5. COMPARISON WITH PREVIOUS INVESTIGATIONS OF 

3C 48 

The observations reported here are closely related 
to two previous spectroscopic studies of 3C48 and its 
h ost galaxy that have alread y be en mentioned: those 
of IChatzichristou et al.1 (|1999fl and ICanalizo fc Stockton! 
(|2000fl . We have at various points noted comparisons 
of our present results with these earlier studies, but it 
is worth discussing areas of agreement and disagreement 
more systematically. 

IChatzichristou et al.1 (|1999l ) obtained imaging spec- 
troscopy of a 12" x 8" field around 3C 48 with an IFU 
consisting of 655 optical fibers, each with a diameter 
of 0'.'4, mounted in the Multi-Object Spectrograph of 
the Canada-France-Hawaii telescope. The total exposure 
was 2700 s, and the seeing during the observation was re- 
ported to be ~ 0'.'6. The basic conclusions of this study 
were that: (1) the broad, blueshifted [O III] emission 
noticed in previous observations was actually due to a 
combination of the normal narrow-line region at the sys- 
temic redshift and a high- velocity component blueshifted 
by ~ 580 km s _1 ; (2) this high- velocity component dom- 
inates the [O III] profile in the center and over a region 
at least 0'.'6 to the north and east of the quasar; (3) the 
location and energetics of this high- velocity gas are con- 
sistent with its having been accelerated by the radio jet; 
(4) the continuum colors of 3C 48A indicate dominance 
by a stellar population younger than 10 7 years, with the 
star formation likely triggered by the radio jet; and (5) 
while much of the emission-line gas appears to be pho- 
toionized by the central source, there is some evidence 
for additional ionization from shocks. 



ICanalizo fc Stockton! (|2000f ) were mainly concerned 
with stellar population distributions and ages in the host 
galaxy, but also discussed the emission lines present in 
their spectra. They obtained classical long-slit spectra 
with the Low-Resolution Imaging Spectrograph on the 
Keck II telescope, with 6 different slit positions. They 
also resolved the nuclear high- velocity component, ob- 
taining a velocity difference from the systemic narrow- 
line emission of 563 ± 40 km s _1 . While the limita- 
tions of using slits meant that they could not effectively 
map its distribution, they were able to see that it had a 
strong velocity gradient over its extent of ~ 0'.'5 in a slit 
thro ugh the nucleus at pos it ion an g le 333°. In agreement 
with Chatzichristou et alj (|1999l ). ICanalizo fc Stockton! 
(2000) also felt that the general location and velocity of 
this gas was strong evidence for a scenario in which it 
h as been driven by the radio jet. 

ICanalizo fc Stockton! (|2000l ) were not able to say any- 
thing about the stellar population of 3C48A because 
scattered light from the nucleus completely dominated 
the spectrum in that region and could not be removed 
reliably, but they found quite young ages (~ 4 Myr, 
consistent with ongoing star formation) for regions in 
the host galaxy they could measure that were just be- 
yond 3C48A. On the bas is of the colors reported by 
IChatzichristou et al.l (|1999l ) and on the morphologies o f 
the HST images of 3C 48A, ICanalizo fc Stockton! pOOOl ) 
stated, "While it is still possible that this [i.e., 3C48A] 
may be, in fact, the distorted nuclear regions of the com- 
panion galaxy in the final stages of merger, it now seems 
more likely that it, too, is related to the interaction of 
the radio jet with the dense surroundi ng medium, as sug- 
gested bv IChatzichristou et all (|1999h ." 

The results we have given here support and refine the 
general conclusions of both of these previous studies re- 
garding the high- velocity gas. With the higher resolution 
and better S/N of our deep IFU observations, we have 
been able to map out the distribution of the extended 
high- velocity gas in the region within ~ 1" of the nu- 
cleus and at several points in its velocity profile. These 
maps, shown in Fig. [4l show that this emission peaks 
< 0'.'25 almost due north of the quasar, near the base of 
the jet, and not, as might have been expected, near the 
point of its obvious deflection and decollimation, roughly 
0'.'5 north of the quasar. 

Our velocity difference between the high-velocity and 
systemic components of [O III] is 491 ± 40 km s _1 , 
compared wi th the previously reported values of 563 ± 
40 km s" 1 (ICanalizo fc Stocktonl I2000D and 586 ± 15 
km s _1 (IChatzichristou et alJ Il999h . These differ- 
ences are at least partly due to different approaches to 
calculating differenti a l rad ial velocities from redshifts. 
ICanalizo fc Stocktonl (|2000f ) simply treated the redshifts 
of the two components each as cosmological redshifts [for 
which v /c = ln(l + z)] to fi n d the difference in veloc- 
ity, and IChatzichristou et alj {1999) apparently did the 
same. But since the velocity difference is actually due 
bulk motion of material at essentially the same cosmo- 
logical redshift as the quasar, it is more nearly correct to 
use the relativistic Doppler formula 

Av (1 + Zl ) 2 -1 (l + z 2 ) 2 -l 



C (1±Z!) 2 + 1 (1 + Z 2 ) 2 + 1 

to calculate the velocity difference. If we use 
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this approach for the pr evious determinations, the 
ICanalizo fc Stocktonl (12000ft value becom es 519 ± 40 km 
s" 1 . and the IChatzichristou et al.1 |l999) value becomes 
537 ± 15 km s , both of which are now consistent with 
our new value. (We also n ote that it is not clear how 
IChatzichristou et al.l (| 19991 ) obtained their standard er- 
ror of ±15 km s , since their determination is domi- 
nated by their [O III] A5007 velocity difference, which 
has a standard error of ±100 km s — 1 . This small er- 
ror may, in fact, have been a misprint, since, in their 
"Conclusions" section, IChatzichristou et al.l (|1999f ) give 
t he value as ~ 580 ± 1 1 km s" 1 .) 

IChatzichristou et al.l (|1999h had previously carried out 
a calculation of the total kinetic energy of the high- 
velocity ionized gas and compared this value with the 
energy available from the radio jet, similar to our cal- 
culation in § EH The main d i fferen ce in the calculations 
is that IChatzichristou et al.l (119991) assumed a mass for 
the gas given by iFabian et a l. (1987), which happens to 
agree well with the mass we obtain if the density in the 
emitting region is close to our approximate upper limit 
of n R ~ 100 cm~ 3 (this agreement is mostly fortuitous, 
since IFabian et al.l 119871 used different cosmological pa- 
rameters and determined the density simply by modeling 
the [O III] to [O II] emission-line ratio for a single-density 
medium) . Our lower limit to the kinetic energy is about 
20% of t he value (not intended to be a lower limit) ob- 
tained by IChatzichristou et al.l (H999), so we are roughly 
consistent, in spite of slightly different assumptions made 
in the respective calculations. In both cases, the mini- 
mum energy in the high-velocity gas comprises a signif- 
icant fraction of the energy of the radio jet, indicating 
that, if the radio jet is responsible for the current kinetic 
energy of the gas, the gas is quite capable of affecting the 
dynamics of the jet. However, especially given the fact 
that most of the emission occurs in a region where the 
jet seems relatively unperturbed, if the mass (and there- 
fore the kinetic energy) of the gas should turn out to be 
significantly larger than the lower limit, it could prove 
to be difficult to provide sufficient energy from the radio 
jet alone. If this were the case, one might be forced to 
appeal to some other form of coupling the energy output 
of the quasar to the gas, the evacuation of a channel by 
the radio jet merely providing a convenient path for the 
high-velocity gas to escape. However, at this stage, such 
speculations are premature. 

On the question of the origin of 3C 48A, we feel that 
our new estimate of the age of the stellar population 
dominating the continuum light requires a re-evaluation 
of the previous conclusions. In our view, the balance of 
the evidence has swung back to the original suggestion of 
IStockton fe Ridgwavl (|1991h that we are seeing the dis- 
torted nucleus of the merging companion, although with 
the modification that most of the light is coming from 
stars that were likely formed from gas driven inwards 
during the first close pass of the interaction, some 10 8 
years earlier. 

Although we believe that our HST STIS spectrum 
clearly demonstrates the dominance of stars with ages 
> 10 8 years, without mo re detailed informat i on we 
can only speculate on why Chatzichrist ou et al.l (|1999f ) 
found much younger ages from their estimate of colors 
for 3C48A. It seems possible that scattered light from 
the quasar may have had a more important influence 



than they had estimated. IChatzichristou et al.l (|1999f ) 
claimed that the scattered contribution to 3C48A was 
- 20% at 5100 A and - 60% at 6900 A. We have 
made simple models of 3C48 and 3C48A using their 
quoted seeing of ~ 0'.'6. With very conservative as- 
sumptions (e.g., a Gaussian rather than a Moffat pro- 
file for the quasar), we find that the scattered contri- 
bution from the quasar would dominate that of 3C 48A 
by at least a factor of 2. A more realistic estimate 
would certainly be much larger. An additional pos- 
sibility is that, with their rather large aperture, cen- 
tered 1'.'3 from the quasar, a bit beyond the center of 
light of 3C48A, at l'/l, and with g round-based seeing, 
the light Chatzichr istou et alj (|1999f ) measured may have 
been dominated by the very you ng stellar populations 
in th is region of the host galaxy (jCanalizo fc Stocktonl 
120001) . rather than light specifically from 3C48A. Exper- 
iments with the HST PC F555W image indicate that 
over half of the light in such an aperture (apart from 
scattered QSO light) would have come from host galaxy 
background stars rather than 3C 48A. 

6. SUMMARY AND DISCUSSION 

High velocity gas associated with high- 
redshift radio sources has often been attributed 
to shocks fr om, or entrainment by, radio 
jets (e.g.. IStockton. Ridgwav. fc Kellogg! [1996 ; 
Solorzano -Inarrea. Tadhunter. fc Blan d-Hawthor n! 12001 • 
Labiano et al.l 120051 : but see also iBaum & McCarthy 
2000). In most cases, the argument for these mecha- 
nisms has been largely circumstantial: usually, there are 
essentially no other plausible sources for the observed 
velocities. While hardly surprising, it is nevertheless 
gratifying to find that our high-resolution imaging 
strongly confirms the positional relation between the 
high velocity g as and the steep-spe c trum radio jet in 
3C48 found bv IChatzichristou et al.l (|1999h . Our' mam 
contribution here has been to show more clearly the 
distribution of the g function of velocity within 

the profile and to show that it appears to be closely 
associated with the base and inner part of the jet, 
rather than the region farther from the quasar, where 
high-resolution radio maps show the most obvious 
deflection and decollimation. 

In their two-dimensional simulations of the propaga- 
tion o f jets through inhomogeneous media. [Saxton et al.l 
(2005) show that it is quite plausible that CSS jets, such 
as that of 3C48, do not require a direct collision with 
a dense cloud to suffer decollimation and deflection, as 
has often been assumed. Instead, the jet, in overpressur- 
ing the intercloud medium, creates shocks that propagate 
into and reflect off of the dense clouds. These reflected 
shocks can then redistribute some of the forward momen- 
t um of the jet i t self in to transverse components. 

iSaxton et al.l <|2005l ) specifically consider the case of 
the 3C 48 jet. They conclude that their model of a jet 
progressing through a medium with a rather small fill- 
ing factor of dense clouds qualitatively matches the ap- 
pearance of the 3C48 jet (modulo possible differences 
a fully three-dimensional model might have from their 
two-dimensional simulations). The jet is not completely 
disrupted; it roughly retains its initial direction, but it is 
deflected through a small angle, and it becomes decolli- 
mated into a fan of material. 
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Taking this general picture as a working hypothesis, 
how does the high- velocity optical emission in 3C48 fit 
in? One possibility is that it is due to shock excitation of 
the gas in the dense clouds responsible for decollimating 
the radio jet. However, our conclusion that most of the 
high- velocity emission comes from a region quite close to 
the quasar, before the jet shows significant disruption, 
means that the acceleration of the ionized gas is likely 
not closely coupled with the deflection of the jet. In addi- 
tion, it is not clear that the dense clouds themselves will 
be accelerated to high velocities — whether they are or 
not depends on their size and mass distribution and the 
momentum transfered to them by the bow shock of the 
expanding radio cocoon. Insofar as we have been able to 
estimate the line ratios in the high- velocity component, 
they seem to be consistent with photoionization by the 
quasar continuum, as well as with ionization by shocks 
(at least with those for which a substantial fraction of the 
line radiation comes from photoionization of pre-shock 
material by the thermal continuum of the shock itself). 
An attractive option is that most of the emission comes 
from photoionization by the quasar cither of ablated ma- 
terial from small clouds or simply of ambient diffuse gas, 
which likely can be driven to high velocities by the wind 
generated by the expanding bubble around the jet. 

The possibility that 3C48A might also be a conse- 
quence of the radio jet, in the form of jet-induced star 
formation, now seems rather remote. The age of the stars 
in this feature is incompatible with jet-induced star for- 
mation by the current radio jet, and any appeal to pro- 
duction by a hypothetical previous radio jet would have 
to explain why the feature remains so coherent and rela- 



tively close to the radio axis after ~ 10 s years. Instead, 
a scenario in which we are seeing the distorted nucleus of 
the merging compa n ion g alaxy seems much more likely. 
Scharwac hter et ail (|2004 ) show that a plausible model 
of a merger of two equal-mass disk galaxies can both re- 
produce the approximate appearance of the 3C 48 host 
and, for a brief period, place the nuclei of the merging 
galaxies at the separation and approximate position an- 
gle of the quasar and 3C 48A. While it would be useful 
to explore a larger range of parameter space to see if the 
model can be tuned to give a more exact reproduction of 
the observed properties, this result is already sufficient to 
give us confidence that this picture is basically correct. 

These results reinforce the conclusion that we are view- 
ing 3C48 at a rather rare stage in the life of a quasar 
and its host galaxy. The age of the radio jet (which pre- 
sumably also dates the triggering of the current quasar 
activity) appears to be at most a few 10 6 years, and the 
two nuclei will fully merge on a time scale of ~ 10 7 years. 
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